Protein phosphatase inhibitor-1 (inhibitor-1 or I-1) is involved in signal transduction and is an endogenous inhibitor of protein phosphatase-1. The mouse I-1 protein sequence has been deduced from cDNA and is strongly homologous to the published rat sequence. A mouse genomic library was screened, and the I-1 gene was characterized and localized by¯uorescent in situ hybridization (FISH) to chromosome 15F. Protein expression in a range of embryonic and adult tissue was analysed using confocal microscopy. Inhibitor-1 is expressed by: the coelomic epithelium; the epithelial bounding layer of cells of the kidney, lung, liver, heart, intestine and gonad; and the surface ectoderm. The blast cells of the kidney do not express I-1. We conclude that I-1 is a marker for mesothelium. q
Results

Genetic analysis
A keyword search of the dbEST database yielded a fulllength mouse cDNA clone homologous to rat protein phosphatase inhibitor-1 (inhibitor-1 or I-1; dbEST clone 926702; Lennon et al., 1996) . Sequencing this clone allowed us to deduce the 171-amino-acid sequence of the protein, which shows 95.3% homology to the rat sequence (Fig. 1 ). Using EST sequences as a probe, two types of genomic clones were isolated from a library screening: the type 1 clone (14 kb) spans the entire I-1 coding sequence; and the type 2 clone (12 kb) includes the ®rst exon and ,9 kb of the 5 H anking sequence (Fig. 2) . Subclones from type 1 DNA were sequenced and analysed to identify exon location. Analysis of ,400 bp of the 5 H sequence (including the ®rst exon) using the NIX computer program (http:// www.hgmp.mrc.ac.uk/) revealed a CpG score of 0.74. The algorithm is based on work by Gardiner-Garden and Frommer (1987) using a scale between 0 and 1.0, with values closer to 1.0 indicating the presence of a CpG island. Fluorescent in situ hybridization (FISH) showed that the I-1 gene (Fig. 3a) is located at the end of chromosome 15, band F (Fig. 3b ). Svennilson et al. (1995) suggested that I-1 is a speci®c marker for kidney mesenchymal stem cells. Therefore, the I-1 expression pattern in mouse kidneys was investigated (Table 1) . From E12.5 onwards, the protein is restricted to the cytoplasm of the peripheral layer of cells (Fig. 4a,b) that has a unilaminar squamous epithelial morphology (Williams et al., 1995) . However, in E11 and 11.5 kidneys, I-1 is expressed by the coelomic epithelium surrounding the intermediate mesoderm within which is the early kidney rudiment (Fig. 4c) .
Protein expression
The Pax-2 antibody labels nuclei of condensed metanephric mesenchyme at the kidney periphery (Dressler and Douglass, 1992) . E13.5±15.5 kidneys were analysed for Pax-2 expression (Fig. 4d) , but since the antibody did not label the outermost layer of cells, there is no co-expression with I-1. Thus, I-1 does not label metanephric mesenchyme cells.
The epithelial morphology of the I-1-positive cells was con®rmed with anti-laminin and anti-pan cytokeratin antibodies using E12.5±16.5 kidneys. The laminin antibody labelled the basal lamina of the peripheral I-1-positive cells and developing nephrogenic tubules (Fig. 4e,f) .
Other organs from the coelomic cavity (e.g. lung and heart from E12.5 to adult) express a peripheral lamininpositive basal lamina ( Fig. 5a ) that underlies the I-1-positive cells (Table 1 and Fig. 5b±f ).
The developing gonads express I-1 in the coelomic epithelial layer from E12.5 (Fig. 6a,b ). In the testis, I-1 is also expressed by the sex cords, but is down-regulated after their formation: at ,E13.5, three out of 12 testes were positive for I-1 expression in the internal sex cords (Fig. 6c±e ), but after E13.5, there was no further internal I-1 expression.
Inhibitor-1 is also expressed in the outermost layer of cells of the ectoderm and the periderm of the cornea, an ectoderm-derived layer ( Fig. 7 and Table 1 ). However, I-1 expression in brain and neural tube (the other major derivatives of ectoderm) was not visible in whole-mount embryos (E9.5±11.5), nor in embryonic mesenchymal derivatives (e.g. bone and tendon), vascular endothelium or epithelial tissue such as lung bronchii (data not shown).
Conclusion
The localization and immunostaining observations suggest that I-1 is expressed by the mesothelium, a unilaminar squamous epithelial cell layer derived from the coelomic epithelium that covers the tissue of the coelomic cavity.
Experimental procedures
Genetic analysis
The dbEST database was screened to obtain mouse cDNA clones homologous to the rat I-1 sequence. Clone Fig. 1 . Comparison of mouse inhibitor-1 amino acid sequence with the predicted sequence from rat skeletal muscle cDNA (Elbrecht et al., 1990) , the deduced human sequence from cDNA clones isolated from a brain library (Endo et al., 1996) and the sequenced protein derived from rabbit skeletal muscle (Aitken et al., 1982) . The alignments were obtained by Clustal analysis (http://www.hgmp.mrc.ac.uk/). Asterisks indicate residues which are identical in all four species. The 25 nucleotide differences between the mouse and rat mRNA sequences result in eight amino acid differences (indicated by shaded text) only one of which is conservative (amino acid 50). Fig. 2 . Two clone types were isolated from the l 129 mouse genomic library and span the inhibitor-1 (I-1) gene with a 2-kb overlap. The CpG island and selected restriction sites are marked. The I-1 gene is contained in ,7 kb of genomic DNA and the deduced protein sequence is encoded by seven exons. Fig. 3 . Chromosomal localization of the inhibitor-1 (I-1) gene. (a) The genomic clone type 1 was labelled with biotin, and the signal visualized using successive layers of avidin FITC, biotinylated anti-avidin and avidin FITC. The chromosomes were counterstained with 1 g l 21 4 H ,6-diamidino-2-phenylindole (DAPI), and hybridization signals were visualized with a Zeiss Axioplan epi¯uorescence microscope. The white arrows show the I-1 gene on a normal mouse metaphase spread and the I-1 signal is apparent in an adjacent interphase cell. (b) Giemsa banding of the metaphase spread showing the localization of the I-1 gene on chromosome 15 band F (indicated by red arrows). H 336-bp PCR product was ampli®ed. A l 129 PS mouse genomic library (NBL Gene Sciences Ltd) was screened using the 336-bp PCR product and full-length clone 926702. DNA from the type 1 clone was subcloned, sequenced and analysed using the NIX computer program (http://www.hgmp.mrc.ac.uk/). The genomic DNA clone type 1 was labelled by nick translation with Bio-16-dUTP (Roche) and hybridized to normal mouse metaphase chromosomes, as described by Fantes et al. (1992) . 
Protein expression
Noon on the day of mating is referred to as E0.5. Mouse embryonic and adult tissues were ®xed in 4% paraformaldehyde. The I-1 antibody (Serotec) was diluted in PBS/1% Triton X-100 (Sigma) and whole-mount specimens were incubated overnight. The I-1 antibody was detected by anti-sheep FITC antibody (Sigma), and the tissue was RNase-treated, counterstained with propidium iodide and analysed by confocal microscopy (Leitz TSCNT). Tissue incubated in PBS instead of PBSTX gave an identical expression pattern. For negative controls, tissues were processed as described above, but no primary antibody was added. Anti-Pax-2 antibody (a gift from Dr Greg Dressler) and anti-laminin antibody (Sigma) were detected by anti-rabbit-FITC secondary antibody (Sigma). 
